CO 
LO 



Q. 

LU 



(19) 




Europ&sches Patentamt 
European Patent Office 
Office europeen des brevets 








(12) 



(11) EP 0 775 671 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

28.05,1997 Bulletin 1997/22 

(21) Application number: 96118703.6 

(22) Date of filing: 21.11.1996 



(84) Designated Contracting States: 
BE DE FR GB NL 

(30) Priority: 21.11.1995 JP 326361/95 

30.11.1995 JP 336102/95 

(71) Applicant: ASAH1 GLASS COMPANY LTD. 
Chiyoda-ku Tokyo 100 (JP) 

(72) Inventors: 

* Shinji, Takeshita, 
Asahi Glass Company Ltd. 
Yokohama-shi, Kanagawa (JP) 



(51) Int C!. s : C03B 5/225, C03B 5/187, 

C03B 5/20 



• Chikao, Tanaka, 

Asahi Glass Company Ltd. 
Yokohama-shi, Kanagawa (JP) 

• Kazuhiko, Ishimura, 
Asahi Glass Company Ltd. 
Yokohama-shf, Kanagawa (JP) 

(74) Representative: MQIIer-Bor6 & Partner 
PatentanwSIte 
Grating er Strasse 2 
81671 MQnchen (DE) 



(54) Method and apparatus for refining molten glass under reduced pressure 



(57) A refining method for molten glass comprising 
a stirring step for stirring molten glass in a stirring vessel 
(1) whereby dissolved gas is formed to fine bubbles, a 
feeding step for feeding the molten glass into a vacuum 
vessel (4) via an uprising pipe (3), a degassing step 
wherein the molten glass is put under a reduced pres- 
sure in the vacuum vessel (4), bubbles produced on the 
molten glass surface and a flow of the molten glass just 

figure t 



below the molten glass surface are blocked by a barrier 
(1 1) provided in the vacuum vessel (4), and the molten 
glass is degassed in a state that a bubble layer (12) is 
formed on the molten glass surface, and a discharging 
step for discharging the molten glass after degassing 
from the vacuum vessel (4) through a downfeiling pipe 



(5) to a storage vessel (6). 
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Description 

The present invention relates to a refining method 
for molten glass to remove bubbles in the molten glass 
and an apparatus for carrying out the method. s 

A refining step for refining molten glass is generally 
conducted by adding previously a suitable refiner. As a 
typical example of the refiner, Gaubefs salt is used. 
The Glauber's salt decomposes itself at a refining tem- 
perature and produces bubbles of S0 2 , which provides 10 
mainly a refining effect. When a glass material, which is 
too high in viscosity at a decomposition temperature of 
Glauber's salt to refine the molten glass by the Glau- 
ber's salt is used, a refiner having a higher decomposi- 
tion temperature such as AS2O3 or Sb^ is used, is 
However, when As^ or Sb20 3 is used for a floating 
method, it reacts with tin in a floating bath to cause an 
adverse effect. Accordingly, it is unsuitable for forming a 
glass product by the floating method. 

For the purpose of refining a glass material having 20 
a high viscosity at a high temperature, there is proposed 
a vacuum degassing method, a typical example of 
which is disclosed in Japanese Unexamined Publication 
JP-A-62-235222. Although the proposed vacuum 
degassing method provides an excellent refining effect 25 
because a molten glass material is introduced into a 
vacuum vessel which is kept below the atmospheric 
pressure, it is not always suitable for the glass material 
including a volatile compound such as B2O3 because 
the volatile compound vaporizes during the refining jo 
step. 

The inventors of this application proposed a vac- 
uum degassing apparatus utilizing a siphon system. 
The proposed apparatus has an excellent feature of 
suppressing the vaporization of the volatile compound 35 
in the refining step because the molten glass surface 
subjected to a reduced pressure is limited only to the 
surface of the glass material. As techniques for con- 
ducting degassing under a reduced pressure by utilizing 
the siphon system and techniques obtained by improv- 40 
ing the techniques, there are publications such as Japa- 
nese Unexamined Patent Publication JP-A-3-69516, 
JP-A-2- 188430, JP-A-2-221129, JP-A-4-31325, JP-A- 
3-33020, JP-A-5-5S646, JP-A-5-208845. JP-A-5- 
229831 , JP-A-6-305735 and JP-A-5-208830. 45 

The publication disclosed in Japanese Unexamined 
Patent Publication JP-A-3-33020, as an example, 
employs such a system that molten glass is lead to a 
forming step through a melting vessel, an uprising pipe, 
a vacuum degassing vessel, a downfalling pipe and a so 
storage vessel in this order, wherein a change of defor- 
mation of a flexible sealing material, which surrounds 
the uprising pipe and the downfalling pipe in a steady 
state of expansion, is controlled. The proposed appara- 
tus basically utilizes a siphon principle, so that the mot- ss 
ten glass is introduced from the melting vessel to the 
vacuum degassing vessel in which bubbles are 
removed to obtain homogeneous molten glass, 
whereby a glass product of high homogeneousness is 



obtained by forming. 

Figure 4 is a schematic diagram showing an exam- 
ple of an apparatus for making a glass product in which 
the above-mentioned vacuum degassing apparatus of 
siphon system is used. In Figure 4, reference numeral 
31 designates a storage vessel, numeral 32 designates 
an uprising pipe, numeral 33 designates a vacuum 
degassing vessel, numeral 34 designates a downfalling 
pipe and numeral 35 designates a storage vessel. The 
uprising pipe 32. the vacuum degassing vessel 33 and 
the downfalling pipe 34 are received in a casing 36, and 
a thermal insulating material 37 packed in the casing 36 
prevents heat dissipation and insulates heat with 
respect to outer air. Further, the uprising pipe 32, the 
vacuum degassing vessel 33 and the downfalling pipe 
34 are heated by a suitable heating means such as an 
electric heater (not shown), and a temperature control- 
ling system (not shown) maintains temperature to a pre- 
determined range, e.g., about 1,200°C to 1,450°C. In 
Figure 4, an arrow mark indicates a direction of flowing 
the molten glass. Numeral 38 designates a bypass pipe 
for the molten glass, which is opened and closed by a 
gate means 39. 

In the glass producing apparatus having the con- 
struction described above, a flow of the molten glass in 
the uprising pipe 32, the vacuum degassing vessel 33 
and the downfalling pipe 34 follows the siphon principle. 
Accordingly, the liquid surface of the molten glass in the 
storage vessel 35 is lower than the liquid surface of the 
molten glass in the storage vessel 31 , and inside of the 
vacuum degassing vessel 33 is in a state of reduced 
pressure by a difference of head. In this case, the height 
of the vacuum degassing vessel 33 is determined to 
maintain the liquid surface L to a predetermined value 
depending on a flow quantity of the molten glass previ- 
ously set (which corresponds to a production rate for a 
glass product previously determined), conditions for 
refining and so on. Thus, a space S for breaking bub- 
bles is formed above the molten glass surface in the 
vacuum degassing vessel 33. 

The molten glass which contains bubbles produced 
during melting is fed to a lower end portion of the upris- 
ing pipe 32; rises in it, and is introduced to the vacuum 
degassing vessel 33. Since the inside of the vacuum 
degassing vessel 33 is set to a reduced pressure such 
as 1/20 to 1/3 atmospheric pressure, the molten glass 
introduced to the vacuum degassing vessel 33 by 
ascending in the uprising pipe 32 is subjected to degas- 
sing under a reduced pressure in the vacuum degas- 
sing vessel 33 whereby the bubbles contained in the 
molten glass are removed. 

Thus, dissolved gas is removed by maintaining the 
inner pressure of the vacuum degassing vessel 33 to a 
predetermined reduced pressure. Then, the molten 
glass thus refined descends in the downfalling pipe 34 
from the vacuum degassing vessel 33 while keeping 
such state and is introduced into the storage vessel 35 
where the molten glass is homogenized by a stirring 
operation which is generally conducted. The molten 
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glass in a degassing state in the vacuum degassing 
vessel 33 includes no bubbles, and the density of dis- 
solved gas is decreased. The molten glass is supplied 
to a forming step in a homogenized state and formed 
into a desired shape for various glass products. 

In the above-mentioned vacuum degassing appara- 
tus utilizing the siphon system, when volatile com- 
pounds vaporize from the molten glass surface, there is 
caused a difference of composition between the surface 
area and the inside of the glass material (the molten 
glass). When the difference is large, cords are formed in 
glass products. Even when the difference is not so 
large, the quality of glass products is decreased due to 
striation (as disclosed in Japanese Unexamined Patent 
Publication JP-A-2-1 88430). To eliminate such disad- 
vantage, Japanese Unexamined Patent Publication JP- 
A-5-208830 proposes to conduct a fairly strong stirring 
of glass material after degassing in order to homoge- 
nize the material. 

However, the proposed technique to stir glass 
material can not be carried out to all kinds of glass 
materials. When a glass material having a low ability of 
dissolving gas in the molten glass (hereinbelow, some- 
times referred to as melt) is used, a reboiling occurs 
even by a slight stirring operation whereby bubbles are 
produced. 

It is an object of the present invention to eliminate 
the disadvantage in the conventional technique and to 
provide a refining method and a refining apparatus 
which are applicable to various kinds of glass material 
and realizes high degree of refining and homogeniza- 
tion simultaneously. 

In accordance with the present invention, there is 
provided a refining method for molten glass comprising 
a stirring step for stirring molten glass in a stirring ves- 
sel, a feeding step for feeding the molten glass into a 
vacuum vessel via an uprising pipe, a degassing step 
wherein the molten glass is put under a reduced pres- 
sure in the vacuum vessel, bubbles produced on the 
molten glass surface and a flow of the molten glass just 
below the molten glass surface are blocked by a barrier 
provided in the vacuum vessel, and the molten glass is 
degassed in a state that a bubbles layer is formed on the 
molten glass surface, and a discharging step for dis- 
charging the molten glass after degassing from the vac- 
uum vessel through a downfailing pipe to a storage 
vessel. 

Further, in accordance with the present invention, 
there is provided a refining apparatus for molten glass 
comprising a stirring vessel for stirring molten glass, a i 
vacuum vessel which is communicated with the stirring 
vessel via an uprising pipe and which includes therein a 
barrier for blocking bubbles produced on the molten 
glass surface and a flow of the molten glass just below 
the molten glass surface whereby the molten glass is f 
degassed, under a reduced pressure, in a state that a 
bubble layer is formed on the molten glass surface, and 
a storage vessel connected to the vacuum vessel via a 
downfailing pipe to receive the molten glass after 



degassing. 

In the present invention, stirring is conducted in a 
stirring vessel placed at a front stage whereby dissolved 
gas is formed to be fine bubbles so that ununiformity of 
5 gJass material which is caused in a melting operation is 
at least eliminated. The stirring vessel may serve as a 
melting vessel. The fine bubbles become large in a vac- 
uum vessel; come up taking the dissolved gas, and 
escape to the space above the molten glass surface. 
10 In the present invention, a barrier is placed to form 
a bubble layer on the molten glass surface. The barrier 
controls convection in the glass material in association 
with the bubble layer whereby homogeneousness of the 
glass material in the vacuum vessel can be improved. 
'5 Accordingly, the present invention provides a refin- 
ing method and a refining apparatus for molten glass in 
which a vacuum vessel utilizing a siphon system is used 
in a refining step for the molten glass wherein a flow of 
the molten glass is suitably controlled by a bubble layer 
20 and a barrier in the vacuum vessel to prevent a change 
of the composition of the glass material whereby yield 
for glass products can be remarkably improved without 
causing a change of glass composition till a forming 
step, and the glass products of homogeneous quality 
25 can be obtained. 

In conventional techniques, there has been consid- 
ered that the homogeneousness of the glass material is 
decreased by the vaporization of volatile compounds 
such as B 2 0 3 and so on of the glass material in the vac- 
30 uum degassing vessel (Japanese Unexamined Patent 
Publication JP-A-2-1 88430 and JP-A-5-208830). To the 
contrary, according to the present invention, the homo- 
geneousness of the glass material can be improved in 
the vacuum vessel although the reason is unclear. How- 
?5 ever, it can be considered as follows. The use of the bar- 
rier to form the bubble layer may cause ununiformity of 
the meit due to the vaporization of volatile compounds 
in a portion of the melt which contacts with the vacuum 
atmosphere in the vacuum vessel. However, the homo- 
k? geneousness is improved by the stirring effect due to 
raising of bubbles inside of the melt, and the mixing of 
two kinds of melt is suppressed by the presence of the 
bubble layer and the barrier. 

Namely, when the barrier is located in the vacuum 
s vessel according to the present invention, the barrier is 
immersed in the meit. Accordingly it functions not only 
to block the bubble layer on the surface of the melt but 
also block a flow of the meit at its surface portion. The 
later produces a slow flow of the melt in the surface pcr- 
o tion, namely, it produces a stagnant state of flow. 
Accordingly, the melt in its surface portion is prevented 
from moving along the side wails or the like of the vac- 
uum vessel. Further, the presence of the barrier farms 
the bubble layer at its front side. The bubble layer pre- 
f vents convection in the surface portion or the inside of 
the melt because of the buoyance of the bubbles or the 
compression force of the bubbles which are in contact 
with the melt surface. 

On the other hand, there forms a portion without 
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having the bubble layer at the rear side of the barrier. 
Since bubbles are not substantially formed there, there 
is no risk of invasion of bubbles into the downfalling 
pipe, whereby the homogeneousness of the composi- 
tion of the molten glass and a glass product formed by s 
the molten glass can be improved. 

According to the present invention, the provision of 
a homogenizing means such as a stirring member is 
substantially unnecessary in the rear side of the vac- 
uum vessel owing to the barrier and the bubble layer w 
because the dissolved gas is formed into fine bubbles or 
ununiformity of the glass material resulted in the melting 
operation is at least eliminated in the stirring vessel 
located at the front stage. However, a supplementary 
stirring operation may be added depending on require- 75 
merits. 

In the above, description has been made as to how 
to utilize the barrier and the bubble layer formed by the 
barrier. As the premise of providing these, it is neces- 
sary to discuss about the formation of an appropriate zo 
bubble layer. Further, it is necessary to discuss about 
conditions of forming and maintaining the bubble layer 
in which bubbles in the bubble layer are not easily bro- 
ken at the melt surface. Namely, it is necessary to suita- 
bly control the viscosity of the melt. The formation of the 25 
bubbles can be controlled by adjusting a quantity of a 
component or components such as S0 3 or Ol which 
vaporize at a refining temperature or slightly higher in 
an ordinary glass batch. Further, it is necessary to 
determine the viscosity of the melt to be logrt*2.6 or 30 
higher in a case of using the ordinary glass material. 
However, it can be suitably determined for each batch 
depending on the composition of moiten glass used. 
In drawings: 

35 

Figure 1 is a schematic diagram in cross-section for 
explaining an embodiment of a refining apparatus 
for moiten glass according to the present invention; 
Figure 2a is an enlarged schematic view of a por- 
tion indicated by A in Figure 1 ; 40 
Figure 2b is a perspective view schematically 
shown of the portion taken along a B-B' line in Fig- 
ure 2a; 

Figures 3a and 3b are schematic views of a part of 
the refining apparatus shown in Figure 1 wherein 45 
jacks, as an example of elevating device, are 
attached to the apparatus; and 
Figure 4 is a schematic view of a conventional refin- 
ing apparatus utilizing a siphon system. 

so 

In the following, embodiments of the refining 
method and the refining apparatus for glass products 
according to the present invention will be described with 
reference to the drawings. However, the present inven- 
tion is not limited only to the embodiments. 55 

Referring to Figures 1 and 2, reference numeral 1 
designates a stirring vessel in a refining apparatus, A 
first stirrer 2 is provided in the stirring vessel 1 so as to 
be supported in freely rotatabie. The refining apparatus 



further comprises an uprising pipe 3 for molten glass, a 
vacuum vessel 4, a downfalling pipe 5 and a storage 
vessel 6. A second stirrer 7 is provided in the storage 
vessel 6. The uprising pipe 3, the vacuum vessel 4 and 
the downfalling pipe 5 are received in a casing 8. A ther- 
mal insulating material 9 is received in the casing 8 to 
prevent heat dissipation and provides heat insulation to 
outer air. The uprising pipe 3, the vacuum vessel 4 and 
the downfalling pipe 5 are heated by an electric heating 
device or the like (not shown). A temperature controlling 
system is provided to maintain temperature to a prede- 
termined temperature, e.g., 1 ,200°C to 1 ,450°C. In Fig- 
ures 1 and 2, arrow marks indicate the flow of the 
molten glass. Numeral 10 designates a bypass pipe for 
moiten glass, which is opened or closed by a gate 
means 16. 

In Figure 2a which is an enlarged view of a portion 
indicated by A in Figure 1 and Rgure 2b which is a per- 
spective view of a portion taken along a B-B' line in Rg- 
ure 2a, the same reference numerals are used for 
portions commonly used in Rgure 1. Reference 
numeral 12 designates a bubble layer which is formed 
by blocking bubbles by a barrier 1 1 . In Rgure 2, the bar- 
rier 1 1 is shown as a single. However, two or more bar- 
riers 1 1 may be positioned in the longitudinal direction 
with suitable intervals to form the bubble layer in a more 
reliable manner. 

A space S in the vacuum vessel 4 comprises a por- 
tion S1 having the bubble layer on the moiten glass sur- 
face at the upstream side of the barrier 1 1 and a portion 
S2 without having the bubble layer on the molten glass 
surface at the downstream side of the barrier 1 1 . The 
portion S1 having the bubble layer provides a stagnant 
state of the melt at its surface portion whereby the 
downward movement of the melt along the side walls of 
the vacuum vessel becomes slow. Further, the pres- 
ence of the bubble layer prevents the formation of con- 
vection at the surface area or the inside of the melt due 
to the buoyance or the pressing force of the bubbles in 
contact with the melt surface. 

The operation and effect of the refining apparatus 
having the above-mentioned construction will be 
described. The moiten glass which has been moiten in 
a melting vessel (not sriown) and stored in the stirring 
vessel 1 is stirred by the first stirrer 2 whereby dissolved 
gas is transformed into fine bubbles or ununiformity of 
glass material resulted in the melting operation is elimi- 
nated. The flow of the molten glass to the uprising pipe, 
the vacuum vessel and the downfalling pipe is accord- 
ing to the siphon principle. Accordingly, the liquid sur- 
face of the molten glass in the storage vessel 6 is lower 
than the liquid surface of the molten glass in the stirring 
vessel 1, and the inside of the vacuum vessel 4 is kept 
in a state of reduced pressure due to a difference of 
head. In the vacuum vessel 4, the molten glass f tows to 
the downfalling pipe while the liquid surface L and the 
space S are maintained. 

The moiten glass contains <f ssolved gas. However, 
the dissolved gas is dissolved in a gaseous state in the 
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for breaking bubbles in the molten glass in the vacuum 

tha^V! 838 ' iS k8pt ans,ant Nama <* the level in 
the vertical direction of the vacuum degassing vessel 
can be changed as desired with an elevating devica 

According to the embodiment shown in Figure 1 s 
when me inner pressure of Ihe vacuum degassing ves^ 

class ial^f * 1 °° mmHg reSpect to 
glass having the same composition, a distance of verti- 
cal movement of about 500 mm is taken. The distance 

conditions for reducng pressure for each composition of 

221*?" t0 b8 treat9d in ,afa0ratory tests - *e 
elevating dev.ce. which may be a jack or a set of jacks 

10 V9rtiCa " y m0V8 * risi "9 P'Pe. the 
vacuum degassmg vessel and the downfalling pipe a 1S 

gap is produced at the lower end portion of tha casing a 

which surrounds the uprising pipe and the downfalling 

Pipe. In this case, the gap is filled by setting a warm 

the I ength of the gap formed at the lower endof the cat" 20 

Rgure 3 is a diagram showing an embodiment of 
tne vacuum degassing apparatus shown in Rgure 1 
wherein a set of jacks as an example of the elevating 
dev.ce are attached to the apparatus. 25 

co. * A d89ree ° f VaCUum in vacuum degassing ves- 
sel 4 ,s in proportion to the height with respect to the liq- 

E* t 0i m0 ' t6n 9,ass in *• vessel 1 

EL tt^ ra9e T** 6 - Accordin 9'y. in the conven- 
tional techmque. the height was determined in corre- 30 
spondence to a previously determined flow rate of the 
molten gl ass (the flow rate corresponds to a production 
rate of glass products). However, when there is a 
change m the temperature of the molten glass flowing in 

the vacuum degassing vessel and so on. Accordingly it 

££SET r t0 H recover rt t0 norma ' «"^* 

correctng the change. In this embodiment of the 

u^ri ,n T ti0n ' SUCh Change «" be ^orbed by « 
using the elevating device attached to the vacuum 
degassing vessel 4 to recover the normal condition 
Figure 3a and 3b show an embodiment using jacks 

EEE* 1 " If? 8,evating d< * ic8 wharein fhSJTS 

i f ° jaCks are provided at each side in the 
longitudinal direction of the casing 8 for the vacuum 

ZET* Ve f Sel 4 ' henCS ' *«• «• fou ' Mote 17 E 

SLtaSl7??* a d8Signatas a fiJdn9 pBrt fer attachi " 9 

rrjf^l 2 8 CaS ' ng 81 and numeral « designates « 
mm for the jack 17. which is mounted on and 

l^T^ 8 b3S8 POr *° n - H9ure 3 - scra * 
acS 1 „n 8Ver ' 0i ' P r8ssure < a <*s. rack-driving 

jacks or any other devices may be used. 

♦ho J" SUCh refinina a PParatus for molten glass, when ss 

ZZL*Z ° f tflS ^ 9iaSS iS fedUCed ^e nor" 

vacuum L ' nStanCe - thS m0lten 9,ass 'n the 

vacuum degassing vessel 4 increases (i.e.. the deoth of 

the material becomes large) with the result S the 
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Thin L L " 9 bubb,es becomes re(ativ ely small. 
Then the degree of removing bubbles in the vacuum 
degassing vessel 4 changes whereby the quality of tfte 
molten glass changes. In order to avoid such d.^! 
tege rt .s necessary to correct the depth of the material 
and the space S to be a fixed value. In this case, when 

2 i^tTt 9 vesse ' 4 is »* °P^ 

ttie jacks, the molten glass surface in the vacuum 

ESTl TV* re,ative,y dua to the "SS 

acton, whereby the space S for breaking buSes 
b^omes relatively large to recover the norrWES 

When the vacuum degassing vessel 4 is raised hv 
rfT 6 ^' ^^^SsurroundtngmeSns- 
2?UE thS d0Wlfa " ing pi P° 3 ^e also raS 

Sen! n 8 T? 4 Wh8reby 9a P S a ' a 
between tJie lower end portions of the casings 8 and the 

Ei;Es:!E^^ 

Aluminosilicate glass including boric acid having 
h Qh v,scosity at high temperature was treated wi^ use 
of the apparatus shown in Figure 1. Two barrier n 

T^T°T : 008 3t th8 Center of tna ^cuum vlsd 
^de Thp H ^ 3 V4 P0SiB0n 00 109 downstream 
fa £ * .2 P 'Version of the barriers was 65 mm 
(a depth of -mmersion of 30 mm or more. preferaUylJ 
mmor moreis effective). Forcing, the lL^r Z ° 

roS Si f 0Ut 5 3nd the second ^rer 7 is 

found tnp ^ 3 ^ ° r ,0Wer " a resu, t- there was 
found the number of bubbles of 0.1-0.2 number/kg or 
lower ,n glass products shaped from the molten 2^ 
Thus glass plates of better homogeneousness fleS 
stnation) could be obtained. «ousness (less 

vid^Sf" 9 10 the Pr8Sent inven t'on. a barrier is pro- 

moSn T VaCUUm VeSS8 ' t0 form a b"bb'e layer on the 
rnoften glass surface. Accordingly. a high degree o^ 

SSS^ t d89r8e ° f nomo g a " a ousness can 

SECT? rea,iZ8d When various Wnda of 
El^ USSd - Furtner - su ^oe level of the 

2 tn 83 ^ bS S8en 3 space a t the downstream 
«de of the vacuum vessel, and a homogenizing means 

vSnXr ^ aft&r ^ — ^ in *° ~n! 
ventional technique is no longer necessary. 

Further, the vertical position of the vacuum deoas- 

E^VJ^ 0 ^^* «««« far making glass plates 

ShSEE S 9Sd W,th0Ut Changin9 «"ns for 
refining such as pressure, temperature, the depth of 
glass matenal in the vacuum degassing ^JS^ 

TonlT^ 0 " 5 for refining in the Scuum degas, 
■no apparatus are to be changed due to a problem 

concerrnng the quality of glass products, the vacuum 

degassmg apparatus is vertically moved as well. 
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Claims 



1/ 



1 • A refining method for molten glass comprising: 



si. ? 



a stirring step for stirring molten glass in a stir- 
ring vessel (1); 

a feeding step for feeding the molten glass into 
a vacuum vessel (4) via an uprising pipe (3); f 
a degassing step wherein the molten glass is 
put under a reduced pressure in the vacuum 
vesseU4V cubbies produced on the molten 
glass surface and a flow of the molten glass 
just below the molten glass surface are blocked 
. by ^barrier (1 1) provided in the vacuum vesse l 
IWJana tne molten glass is degassed in a state 
tfiat a bubble layer is formed on-the molten 
glass surface; and x ? i 

a discharging step for discharging the molten 
glass after degassing from the vacuum vessel 
(4) through a downfalling pipe (5) to a storage 
vessel (6). 



TTierefming apparatus for molten glass according 
to Claim s, wherein a barrier (11) is provided in the 
vacuum vessel C4) so that the barrier (1 1) intersects 
the molten glass surface (L). and a space (14) is 
termed at its lower portion so as to pass the molten 



^8. The refining apparatus for molten glass according 
to Claim 6, wherein a plurality of barriers (1 1) are 
10 provided. ' 



15 



The refining apparatus for molten glass according 
to one of the Claims 6-8. wherein the barrier (1 1) is 
immersed in the molten glass at a depth of 30 mm 
or more. 



so 



I' 2. 



1/3. 



/ 



4. 



VS. 



The refining method for molten glass according to 
Claim 1 , wherein a plurality of barriers (11) are pro- 
v.ded to block the bubbles produced on the molten 2s 
glass surface and the flow of the molten glass just 
below the molten glass surface. 

The refining method for molten glass according to 
Claim 1 or 2, wherein the thickness of the bubble so 
layer (12) formed on the molten glass surface in the 
vacuum vessel (4) is 10 mm or more. 

The refining method for molten glass according to 
one of the Claims 1 -3, wherein the bubble layer (1 2) 3s 
is substantially formed on the molten glass surface 
at a downfalling pipe (5) side with respect to the 
barrier (11). 

The refining method for molten glass according to 40 
one of the Claims 1-4, wherein a pressure inside 
the vacuum vessel is 1/20 to 1/3 atmospheric pres- 
sure. 



^J^The refining apparatus for molten glass according 
to one of the Claims 6-9, wherein the barrier (1 1) is 
ptaced at a downfalling pipe (5) side with respect to 
the center of the vacuum vessel (4). 



6. A refining apparatus for molten glass comprising: 45 



6. <f 
6 J 



a stirring vessel (1) for stirring molten glass* 

S^^^^J&J^^ is communicated 
v^ttT^tinring^ 



and which includes therein at lesurt one"barrier so 

(1 1) for blocking bubbles produced on the mol- 
ten glass surface (L) and a flow of the molten 
glass just below the molten glass surface 
whereby the molten glass is degassed, under a 
reduced pressure, in a state that a bubble layer ss 

(12) is formed on the molten glass surface; and 

a storage vessel (6) connected to the vacuum"- 
vessel (4) via a downfalling pipe (5) to receive 
the molten glass after degassing. 
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